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*D<?] — ^91 ^°}*\ 5)£-^ ^Hr7flS} B}-*]** zj-zj 0] ofl ol 

*>Tr = 5**1 ^^cr a>£^l DllS.^ nflo] o}r= ^.o] cg^oltH 

IcJELofl ^1 ^ojvg. * ^1 ^oj- ^ ^o. ^ 2 ^oj-g. -g-^^Vc)-. ^ 7 fl2] 

afll ^ *f|2 pfloj $j,= ej-o] 

* *)U MlTl^ti. ^oj-ol^, ^2 ^^1 ^^olcf. nflo] flH A 

91 = bJ-o]*H sljn^, 3*1 *l<y. jicf ^ til 71 El«. ^ 3*1 ^«>A£S, 

nil«y 3= ef^l jel^o^ ^<y- ^3-0^ ;e nflo] ^ ^ ^o] aij-o} 

£ 4 
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tD^E^ti. ^oj-o] ^S)^ «VE*fl nflssl nflo] = sfoi csfojtH S]S.{Main 

word line driver circuit having supplied negative voltage in a semiconductor memory 
device} 

£ 1-& ^efl 7l#ofl 14a Dfloi $jt= ^ =ej.oiH] i^-sRr ti>£^) oflsel 

£ 2^ £ 12] nflo] $|i= H}o] =5^ol^ ^.Cf <$M|*1 t+E}-vfl^ ^ojcf. 

£3] »\}3-£\ #*1* 7fl^ O.S. ^Bfxfl^ *Sfr Cfolc^zi^olcf. 

241 - 24n : 260 : 3*1 

270 : l11 7^ a. ^<y- ^-g-Jf 
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WW -^31 

£51*11 Dfls.e) ^ jicf -M*}^, ^7^*1 ^oj-o] 

*H2.a) nfl<a fls. 2}<?1 s.BWtH s] 5.o)i ^ $o]t±. 

$J = £}^1A5L A}-g-s|fe #e]-^e) ^(poly-si licon)^ a| f o S oj^. a]jt ^<g^. 
JflSH, £)J= €q-°l-§- uflo] $| = El-o]( m ain word line, SE-b ^ ^JEL B)-o] 
(normal word line)°lefJl£ tr^-J^r *1 B}-<y (sub-word line)«-S ^-IKsplit) 

*H *}-8-*>fe 3^ er<y ^(hierarchical word line structure)7|- ge| a}-§- 

S\3L $14. A oM 711^^ ^= d]^- ^ 5,416,748^^] 7l*fl£M 

£ l£r ^2fl 7l#ofl rcj-s uflo] o}t= g^o] c^o^ sl^-fr £#*rfe ^£-3 

4^c1 (command decoder, 110), S-f r^sn-Krow decoder, 120), ej-^ S.5}o] 

*H s]5.(main word line driver circuit, 130), ^ *1 S. eftl ^^0]^ 2)5 
(sub-word line driver circuit, 190)-!- 5.^tr i: +. 

Ti^JEl ^SDKllO)^ =Bl*W ^ ^ (precharge command, PRECH CMD)* ^51^ 
(decoding) *H ^H. e}o]s.^ ^_o_ ^ #<#)3_ =s)^l*> 7 ] ^ 5. 

^JL(PRECH)# ^r^trcf. S-f 4^(120)^ S-f ^ = ell^(row address )# 
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(R_ADDR)-§- ^ °]^\^ ^lS#(DRAl - DRAn, DRA_C1 - DRA_C3) 

<u> oflo] ^jc ^o] ELefolB] 5)3.(130)^, ^71 ^e)^) ^l^(PRECH)s|- S. 

-f ^ = 31^ <0Jl1-(DRA1 - DRAn, DRA_C1 - DRA_C3H] -§- , #7l $|e 
el-^l-i-*- °H oil- (enable)^ 2f<y ^]JL»(MWE1 - MWEn)# iHJtr^. 

<15> u.-^j= s}o] ^o]v) 3)5.(190)^7, ^-71 v\)o} ^o] A]^#(MWE1 - MWEn) 

ofl -g^M, 41-7I oflo] ^= 5^0] ofl cfl-§-^ ^y-^c 5^-0]!-^ ^*Kr = 
^]JL#(SWLs)-8: ^1* s}u^ nflo] $|c e^-oio. ^ = 

(memory cells, *1.£a])o|1 <£^Q 4?j\s>\ *] \±-<$ = ^o]-s-ofl cfl-§-^- ^ ojcf. 
<i6> £ 2^ £ 15] ^1^1 e^<y -E=5H^ iicf M-Bl-ifl^ JE^ojc}-. 

£ 21- *flo] 5}°J ^.B^cltH 2)5.(130)^ ^7flSl #^^-#(141 - 14n) 

^ ^*1 ^-^-¥-(150)1- S^-tr^f. #<H ; ^*1 ^^f(150)^r 87flsl #3 

<17> ^ ^oj- ^^-«-(i50)^r 3^3. 3 7^ ofl£^(NM0S) H^^l^Eis.(151, 

152, 153)* 3L**H, <&3-^ H^l^Ei (153)^1 dL^(sourceH ^*1 ^(VSSH 
^^r. 3*1 ^^-(150)^ ^^^=1 S-f <H^efl^ ^Jl!-(DRA_C1 - DRA_C3)£) 

%^SHI ^^(node, N0DE2H1 3*1 ^°KVSS)* 

<18> #^-¥-(141)^ ^SL^PMOS) B^l^CHll), <?]tf|EK inverter, 1412), 3J ^£ 

i(NM0S) B^^lr^Ei (1413)1- £f*U, ^S.^ H^l^E} (1411)2} d^ii ( source HI ^ 
^(boosting) *I°HvPP)ol ^^^cf. 
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*Hl ^H. ^91 >0s(MWEl)7l- 3.^- efl^Ciow level X^, efl^t 
(VSS))S -M^^ c}~g-:D}. ^-cf. ^1 ^^«-(141)o) 3]^^ e^i 

iEi(i411)^ H^l^l ^l^(PRECH)^ %^3M -g-^H, ^=(N0DE1)51 *H 
^l^Chigh levelX^, ^(VPP) ^M)3 #-<^ (pul l-up)tbc}. «y^EKl412)^ # 

7] *}o) z]]*no) ^j=(N0DEl)^ 3-3- ^lfS a}*!^ efl^ ^ ^oj 31= 

^Jl(MWE1)«- 

cf^S, XI 1 TJjloJ 5}o] a1Ji(mwei)7> «W 5fl^(^, ^og- sil^(vpp)) 

S ^Sj-^Tr A 4^^ i=f-§-^ ^"4. XI 1 #^(141)^ H^l^E) 

(1413)^, S^- <X = 3]^ ^lS(DRAl)^ SM§3H| -g-^SrM , 

(150H1 ^«fl S-f VSS)S #-tf£ (pull -down) € ^H(N0DE2)£l i-c 

(NODEl)S. SPir^tf. ^]«lEi(1412)^ <#7) 3-3- efl^S. icJ= (N0DEl)2l 

tiV^A]^ *}o) efl«i^ ^jo] <qe e)-o] Ai^(MWEl)» *HjtH=h 

XU #3^(141)1- Xl^ #^Y#(142 - 14n)£ X]l #3-^(141)21 ^ 

(141H1 cfltV c}nv i z]-^ #5^1- (U2 - 14n)£, H&l^l ^IJ: 

(PRECH) ^ ^^^sj ^.JjL <X = 3l^ ^1JL-1-(DRA2 - DRAn, DRA_C1 - DRA_C3H1 -§-^H , 
3\ — e}^ ^Jl1:(MWE2 - MWEn)^- ^^fVcf . 

«VJEX1 nflS.^ ^17> ^ #°*HVCC, <« #<X, 2(V) 3t$r zl o] 

4^, nflo] ^o] =e^oi^ 3)s.(i30)» Xl<H*Kr X)<X 
^lSlr(^ > 5.-9- <Xi=efl^ ^1^1-(DRA1 - DRAn, DRA_C1 - DRA_C3))£] &<$5. 

^\^}JL Sir]-. ZLVft*], ^7} 3-3- oj£ E |A A]J:(DRA1)7]- ^ 
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(VCC)^-S. 3M£3j-s|:n. 3*1 ^^-(150 HI ic^(N0DE2)<Hl 3*1 ^(VSS)^ 

#^(141)^1 B^l^EU 1413)3 ^^(sourceH cfltr 7fl 

olB(gate) ^(VgsH ^2-^ H^^E-J (1413)3 -g-^ ^oj-( threshold voltage) iL^- 
# ^ &i=r. nJ-eW, ^(NODED* 5.^- ellK^, 3*1 eflt(VSS))S #-£}- 

£*Rr <?312-^ m^liEK U13) ^(operating speed) 7} ^ ^cf. zz. 

3*r, «fl$l ^1 — sfo] a]Jl(mwE1)3 S-f eflHiMH *>ol ^o] ^(transition 

speed) 7} ^r9X^. 

uJ-eM, -a #^ol o]=ji^ 71^^ 4^^- ^ ^<a-(low voltageHH^ ^ 

3€ ^ ^(operating speed)* 7}*1^ «V£31 oflo] <£)c sj-o] =e> 

^71^1 7l#^ ^*>7] iflSH 4€- *fl°] $)H E}ol c^o]^ 

«h£*11 Bfla^l #*13 ofl^l $1 = eJ-°] =e|-oia] sj^ofl ^ ^ojcf. ^^ofl nq- 
€• flH sf^l =afoitH ajkfe- t^ofl ^i ^oj-o. ^ ^-71 afli ic} 

, A o V 7] Z]-Z|o} Dflo] o]c ^o] Aljr^o. hv^^ 4^r7fl^ #^^g; ^-tilSRf ^ 
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<25> HMMfc 4^HH1 4s^ ( ^-7) afll l^E)*. ^o^, #7] ^ 2 

<27> W>^«3: ^Al^6)} #71 t1]/HE)tL ^Jf^f- 5L-f 

-ti^M -§-^><^ ^oM idJELofl tflTlElti. 

<28> W>^*1 ^*HH1 CCj-STg, #7] T^iEL^S} ojc^jA Al^S. - 

€ 5.4- <H^3l^ ^IJLfe ^^1 AjTi -g-oV ^ ^O.^ «T^2}-€^. 
<29> ^AHHl OfS.ig, #71 Ml 7] ^ tL ^ ^Jf-fe- #7l C]3^ S-f <^ = 5fl 

i ^1^1-^1 -g-^H ^-^r/H-^.5. ( turn-on/turn-of f ) £] ^ ^ 37flSl oflS.^ 

H^l^-i-g; ^"71 ojJSi H^l^S"^ <£) cf7H1 ^7] Ll]7iB] U. ^<y- 0 ] 

oo> o]e^v ^<Hl 4^ #51*11 *Hsel ^ol ^o] ^ej-ol^ 3 

*1 ^ ^ MM 3 JO ^ ^^1 ^aj-g- ^^-W>0_^S, tjflo] Ej-o] n^oj 

»1 SlS.^1 7-1^^- ^-ofl^s. nflo] o^c ^.o] o. o) ofl o] ^j-^ ^ o] <qt= ^o] S 

-f efl^H *M ell^SSl ^o] ^Ai7l^l ^cf. 

<31> ^4 M. ^^Vo} 0)% ^ i£tgo} ^ A jcfl <q^ot\ ^S\^ 

Q }^}7) $l3H£r H>^tl ^*H1# <^H*Kr $->f 5=^ ^ 3^ £ 

^1 7l7fl^ ifl-g-fr ^tf. 
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<32> o]*} t ^*H1» ^^ti^, 

^■i: ^ *1H£ ^Si^-S.^ ^fl* M-Ej-^tf. 

<33> £ 3^- Mj-^o] *J*HH cfs nflo] fle e).o] c ^ i^Kr 

(200)^ 7<MJEL ^3^(210), ^^(220), nil'?] -r-1 -E. e|-<y =H}o]b] jq 3.(230), 

^ ^ = =e|-ol^ 5)^.(290)1- i^Vcf. 

<34> ^nflc ^=1^(210)^ S.?)*}*) ^(PRECH CMD)-i- (decoding) *H *)1<?1 3 

— 3**1** 3.-f ^(^r, ^*1 ^<a-)S H5l^l^>7l ^t!r ^]Jl (PRECH)!- ^ 

^^4. ^SDl(220)^ 3.^- ^ = efli-t(R_ADDR)^- ^51^ S-f °]ZL 

efli <0J:#(DRA1 - DRAn, DRA_C1 - DRA_C4)-§- t'SfW. 
<35> uflo] = 2}o] =s}ol^ 5)^.(230)^, #71 = e^>*l ^l^(PRECH)^ t]i2^ 

-T- ^ = 31^ -tlJl-i-(DRAl - DRAn, DRA_C1 - DRA_C4H -§-^H , -#7) AAQ *]}9l flS. 
^KIM: ^H^Kr v\)o] o]j= e^o] a]^s. (mwe1 _ o. ^g^. 

<36> A-]ti.-^c e^o) CEfoltt] 5] 3.(290)^, ^"71 nflo] <£|t= £)-o] a]s#(MWE1 - MWEn) 

s}^ ^l^lr(SWLs)^- ^^tl-cf. ofl-i- , ^140) 1^1 o] <qc 5}o]^ Dflsel ^#(cl£ 

<37> £ 4^ £ 3^1 ^1^1 = s}9l l±nf ^-4*1 M-Bfvfl^ H^olcf. 

£ 41- %^*}^, e^o] ^ol^ 5)^.(230)^ ^71} 2] #^^-#(241 - 24n) 
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^ ^^-(250)* 5.^4. w>^^>7]5.^, ^^-(250)^ 87))^ #^ 

J£tf ^3.03., ^^(250)^ 3*1 ^#^-(260)^ vflT^ji 

(negative) ^^-t 270)1- S^th}. 

MlTlElw. ^«.(270)^ 2] IS. ^^=1 37flfi] B^^l^l-(271 - 

273)^8: iW^, ^2-^ H^^liBi(273)^ iiofl ^ ^<y-c] u|l7iEjti ^(VNEG, ^ 
1 1-<H, -0.5(V)H ^^=14. ^l^E] t± ^-^-«.(270)^ S.^- ^£L5fli 

^1JL#(DRA_C2 - DRA_C4)Sl ^gaHl -g-#SH i^=(N0DE4)^ ^i]7lE|;u #°KVNEG)* 
■^-W. ^=(N0DE4H1 ^-^-^ ^7^*. ^^(VNEG)^ <$\3.^ E.^)^ (2413)^1 

4i^(source)^l tfl*V TflolH(gate) ^(Vgs)* ^7}*}?\ <?ll£.i (2413)1- 
*fl M-tt ^« #7M^1^-. ^ ^4, <a2-i B ^1^(2413)2] ^ £7 |. 

^(N0DE3)^ *i^^r HBl-^-Tfl S-f Jjl-il (transition)^ v]]o] ^o] 
^X(MWEl)^ ffl>s7ll «£<y- ^(WP)SLS. #^5)-^ 4. ^, <H^31i -tlJ: 

(DRA1)S] ^ *}<y-o] ^^^-(^11- #0], 2 (V) 5E^ ZL o]^»o1d1e1-£ ( ^=(N0DE4)^1 
M) 7) e] a. ^<y-(VNEG)ol ^s)B,3, «^2.i H^1^e| (2413)^1 ^JE^r & 

* ^ 5^. 

^^1 ^ ^^-(260)^ 37fls] <a£^ H^*l^Ei-&(261 - 263)^: 

S^H, H 31*1 ^(263)^ ^(sourceHl *fl2 ^i^tl 3*1 ^(VSS)^ 

3*1 ^ ^-^(260)ir ^51^ 30. o^^efl^ A]s-i-(DRA_Cl - DRA_C3)^ # 
^SH -s-^-^l-^ i^=(N0DE4Hl 3*1 ^<a-(VSS)^: 
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XU #^(241)^ *\3-^ B 31*1^(2411), 3(2412) , ^ ^l£i 
H ^1^3 (2413)1- i^j-ji , (2411)2) ^^(sourceH ^ 

(VPP)ol <g^^nf. *fli #^^-(241)» Xl^ #^l-(242 - 24n)£ XI 1 #^(241)5} 

^i, XI 1 ^1^1 — Bj-*] ^1^(MWE1)7> t\o) efl^(^ ( ^<y- *l<y-(VPP))5. *-$S|- 
^ 4^-4 ^"Cf. ^1l^E]ti. ^-^-(270)^ ^^^^ 3.+ o]ELi)} 

^ ^1J11-(DRA_C2 - DRA_C4)^ %>$3H -§-^H , ^JEL(N0DE4)ofl iflTl^tf. #<y-(VNEG) 
* <^7H, av 7 | jl-o o] = e ^ A}Jr 

(DRA_C4)^ ^o_V §>o] efl^(^, ^^(VCO)S. €^ 41 J: 

(pulse signalHth ti. ^(VNEGH it=.(N0DE4)°il #7} ^ ^.oj. 

^(VSSH 3*1 ^-^(260)^1 2)n ^H(N0DE4)<>11 ^-^cf. nJ-iiM , 

XI 1 #^-¥-(241)^ ojj£A B^^l^Ei (2413)^ ^ #£7> «ts}^luf . av 7 ] oJ £ a b ^ 
*liEK2413)Tr, ^ia^^l <X = efli ^l^(DRAl)^ -g-^H t ^t^w. £ 

^^(270) 5? 3*1 ^^(250)^1 ^*fl *>3fl5. ^€ ^(N0DE4)^ 

ii=(N0DE3)S «a>=Xl ^tb^. XU #^(241)3 91^(2412)^ <#7] ^=(N0DE3)£] 
#3* «£*i*l?l *>ol efl^ xll Dfl^l 3J= e]-<y ^Jl(MWEI)!- rafsTfl ^^cj., 

XI 1 $\EL ^1Jl(MWE1)7> S-f efl^(^ ( 3*1 *i<y- efl*t(VSS)) 

H) 3^ ^ -§-*M- ^S>^ ^-Cf. *fii #S)-^(241)£) ^SLi H^l^B) 

(2411)fe iE^^M ^ls(PRECH)^ *-$SM| -§-^*H, ^=(N0DE3)^j *M efl^( 

^, efl'iCVPP))^ (pull-up) ^3(2412)^ ^7] S}oj efl^o] ^ 
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= (N0DE3)^ 5.4- ellfS- efl^ XI 1 ^91 ^Jl(MWEl) 

<44> ^ ( *fli #^Y(241)# X]^*V #^^-l"(242 - 24n)5E. XU #1^(241)^ ^ 

(241H1 xflt!: %^2:€cf. #^#(242 - 24n)£-, Hel^l ^IJl 

(PRECH)^ q^^^ S-f ^!JL!-(DRA2 - DRAn, DRA_C1 - DRA_C4)^ %<$iM 

-§-^>^, A<& ^= 5}ol AiJ:l-(MWE2 - MWEn)-§; HHj-STfl ^xg^c).. 

<45> £ 5^ £ 4*H 5.*)$. oflol flc Sj-ol £L&MtH M-^lfl^ BMnJ ^ 

ojc^zL^olcf. Jf7><5V^ it^^S, £ 5^ afll $|H e)-<?l ^1^(MWE1)7V %-^5|-/al 

<46> H*M*>*] ^}Jl(PRECH)7> ^^-(VSS)^-S. #^s]-€ i^(N0DE3)£) 

^<y-(VPP)^S Dilol $|i= e).oi Ai^(MWEl)^ 3*1 #<y-(VSS)il^ «1 

<47> He^l ^!Jl(PRECH)7> 3*1 ^(VSSHH ^(VPP^S. €°lt!r ^, ^ 

^€ ^.-f <H .El ^1^1:(DRA1, DRA_C2, DRA_C3H ^x) ^(VSS) H^El 
^(VCOiLS. &o}*\jl ^ = Efli >a^(DRA_C4)7> ^ ^og- 

(VCO^-5 =L^, i^(N0DE4)£] £<$7} f>}o) ojs)^^ ^-Efl(high 

impedance state, HI-Z)<HH Ml^El*. #<y-(VNEG)-2.S. ^o]^^ ±r..= (N0DE3)£l #5)7} 
^3*1 ^(VPPHH ^<a-(vSS)^-5. =l Xll ^1^1 fls. el-o] 

^lS(MWEl)7V ^<a-(VSS)^.5.-¥-Ei ^<y- &<&(WP) <L3. m>=7ll 
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^3^^ S-f ^neflA a]J:(DRA_C4)7> ^(VCC)^ 3*1 ^SKVSS) 

Qo]ig nfl, ^S^^ ^ = ^1^(DRA_C1)7> 3*1 ^(VSSHH ^SHVCC) 

o_s. ^oltVcf. nB)£, icS.(N0DE4)^) til 71 El a. £<y-(VNEG)°lH 3*1 *l<y-(VSS) 

SLS. ^=(N0DE4)^1 3*1 ^d 0 ^ -B-^mcf. ziei^, i^JEl (N0DE3)£l 

3*1 ^^(VSS)^ -fi-*l £-1 ^ *)U ^ol ^= ^IJlCMWED^ ^(VPP) 

^1 el-^l ^1^(MWE1)# ^1^1 *V uflo] ^je. efo] A]J:-i-(MWE2 - 

MWEn)5l #^5|-/til#^Sl- ^*H1 cfl*V #7l £ 51- *fll ^1*1 $1 = 

^J:(MWElH tfl^ ^^nf -B-Aj-sj- , ^-71 afli nfl<y fls. el-o] A]5i(MWEl)ofl tflt!- it 

-g-O^o] AV-g-si^o.M-, °l^r #*1 *k*$*}7) -^*HH *l~g-€ ?H*1 ^ 

nj^oluf J^^igjfloj) 7 )^Q igj-tgo} H^.g. ^^>7l 31*H A >-§"^ °W 

4. =L*\E-3., £ 7l# ^-o>^ ^.#0] 7 >^1 ^fej-^ o]^-«Ei Cf<#^ ^ 5 

^-tb 4 ^Ml7> 7>^^>Cf^ ^ ol^)]^- ^o]cf. ^- ^^ej. 7 ]-^ ^ 

[^21 J^] 

^ yj^ofl rcf^ aVEsfl nfla&l uflo] e].oi =e}ol^ 2)5.^, 3*1 ^<y- 

iL4 ^ l11 71 El y. ^oj- ^ 3*1 -^#w>o.^^ > nflo] <gc ej-c] cel-o]^ s]S 
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[^t 1 * 1] 

nils. ^ #*l<q Bfl^l $)i= e^-oi =e^-o]tt] ^ £ oj , 

icH^ *u *i<y-a- ^^-fi- -f ^-7i Tin ^ ^2 ^°d-i: ^^Rr 

^ iM^Rr 4^71)3 #^Jf#^t- ^t^Hr 3* *>fe a>£.^l nfla.^ 

2] 

*Vtt ofls-el ^-*i<q uflo] ^o] =^o]tH ^s.. 

[^T 1 * 3] 

S. ^ «K£3l nflS-el ^1^1 Bflo] ej-o] ;=eM*H 
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4] 

91°1*\, #7l ^-11^^ a. ^j=l^ 

^3-^$. S.^- <H^3l^ ^1^*51 ##2M1 -g-^H #7l ii^ofl #71 Ml7l^W 

^ 0 *M- ^*Kr 53 # ^-^.5. wV£*il "11.2.3 #*1 2] $|j= e}-<y ^efoia] s] 
5] 

^ ^1# &<&°-S. *\ 5J^- ^JilS ^ «V2*ll pflael #*13 

6] 

*fl5* 0 Hl sa<>H, #71 vfl 71 El a ^#Jffe 

#71 Cl^tg^ ^-f <>l = 5ll^ AlS-i-ofl ft^^l ld-^/^-^H5l^ ^11 
37flfil H^l^E^* i^H, 

#71 ofl£i HSfl^l^El-i-Sl Q] CJ-7H1 #71 vilTlElti. ^OJ-O] o^Sj^ S.^ 
ti>S.^l nil 2. Si #^1^1 nflo] ej.o] ^^o^ 
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